Abstract. In 2004, Ethiopia introduced a community-based Health Extension Program to deliver basic and essential health services. We developed a comprehensive performance scoring methodology to assess the performance of the program. A balanced scorecard with six domains and 32 indicators was developed. Data collected from 1,014 service providers, 433 health facilities, and 10,068 community members sampled from 298 villages were used to generate weighted national, regional, and agroecological zone scores for each indicator. The national median indicator scores ranged from 37% to 98% with poor performance in commodity availability, workforce motivation, referral linkage, infection prevention, and quality of care. Indicator scores showed significant difference by region (P < 0.001). Regional performance varied across indicators suggesting that each region had specific areas of strength and deficiency, with Tigray and the Southern Nations, Nationalities and Peoples Region being the best performers while the mainly pastoral regions of Gambela, Afar, and Benishangul-Gumuz were the worst. The findings of this study suggest the need for strategies aimed at improving specific elements of the program and its performance in specific regions to achieve quality and equitable health services.
INTRODUCTION
In 2004, the Federal Ministry of Health (FMOH) of Ethiopia introduced the Health Extension Program (HEP), a primary care strategy for scaling up essential health promotion, disease prevention, and basic curative services. 1 HEP was designed with the most basic health infrastructure in the context of limited resources. 2 The national health system was reformed to create a platform for integration and institutionalization of HEP. 3 A total of 38,819 female Health Extension Workers (HEWs) with a high school education who received 1-year training on HEP were deployed in over 15,000 newly constructed health posts in rural villages. 4 The candidates were recruited from their prospective villages to limit staff turnover and address gender, social, and cultural factors in service provision. HEP comprises 16 service packages covering family health, communicable diseases, and sanitation and hygiene programs. HEWs provide health post and community-based services. The community-based services include provision of household and outreach services and model family package. The model family package delivery involves theoretical and practical training of selected households on the various HEP services. Innovators and early adopters who embrace change opportunities are selected to receive the model family training. To graduate as a model-family, households undergo training on the various HEP services for about 96 hours and are required to implement and adopt the HEP package. The model family households serve as intermediary change agents within their respective neighborhood, while some volunteer model families serve as health promoters to support the community level activities of HEWs. Village health committee and village administration support the implementation of HEP in their respective villages. In line with the country's decentralized governance system, the District Health Office is responsible for management of HEP, while the health centers, each linked to five health posts, provide technical, logistic, and administrative support and serve as referral center. 5 HEP has come to be considered the most important institutional framework for achieving the health Millennium Development Goals in Ethiopia. 6 It is therefore imperative that HEP should be evaluated to determine whether its objectives are being achieved and to document factors that facilitate or hinder the realization of the objectives. 7, 8 This requires comprehensive measures that provide evidence on performance of a range of health system elements for decision makers while also promoting good governance and accountability.
The balanced scorecard (BSC), which was originally developed for industry by Kaplan and Norton, has been used in the health sector for integrated performance measurement and strategic management. [9] [10] [11] [12] [13] [14] [15] The BSC aids in the identification, organization, and linkage of a balanced set of indicators through strategic mapping of performance dimensions. 10, 14, 16 The system facilitates benchmarking for comparison across areas and over time and guides in prioritization of resources. Despite its strategic benefit and wide application in developed countries, the application of scorecard in developing countries has been limited, perhaps due to the unfavorable health-care environment. 14, [16] [17] [18] [19] [20] [21] Among the few developing countries, Afghanistan has been the pioneer in integrating BSC into its national health system. 14, 16, 18 In 2010, FMOH introduced BSC as a planning and management tool and developed its Health Sector Development Program (HSDP IV) based on the BSC framework. 4 BSC has been implemented at the FMOH and federal hospitals levels and remains to be cascaded to all levels of the health system. HEP is one of the core components of HSDP, and although studies have documented the performance of the program on individual indicators, [22] [23] [24] [25] [26] there is limited evidence on integrated performance indices and scoring methodologies. 8 We developed a scoring methodology for performance evaluation of HEP based on the BSC approach 14, 21 and generated performance indices using data obtained from nationwide HEP evaluation survey. It compared performance of various geographic areas and identified health system elements 
MATERIALS AND METHODS
Conceptual structure of the BSC. Health system performance depends on the strength of multidimensional systems including human and physical resources, finance, quality of care, health information, management, and community participation. 27 To ensure that all key health system elements were included in the performance measurement, a BSC conceptual framework that captures all the HEP dimensions was designed ( Figure 1) . 4, 5, 28 The framework was used to identify six performance domains (namely, capacity for service provision, financial systems, human resource development, community engagement, service delivery process, and outputs and outcomes) based on the Kaplan and Norton approach and building on the BSC tool that was developed for use in low-income countries by Peters and others. 12, 14 The BSC included 32 core performance indicators (Table 1) , each belonging to one of the six domains. Most indicators were drawn from the FMOH monitoring and evaluation framework, 4 while some were included based on other accepted frameworks to balance indicator distribution among the domains. 27, 29 The indicators were selected based on their importance, scientific soundness, and feasibility. 16, 30 To clarify the concepts in the framework, the performance dimensions are described below and the underlying indicators are summarized in Table 1 .
"Capacity for service provision" domain refers to the preparedness of the system based on the HEP standards for human and physical resources and included 10 indicators. The human resources aspect covered indicators that measure the number and qualification of providers (staffing index) and district managers (management capacity index). Indicators on physical resources included infrastructure index (such as health post, latrine, power, electricity, and water), medical equipment availability and functionality index, commodity index (including drugs, contraceptives, vaccines, and malaria rapid diagnostic tests), and availability of HEP guidelines and use of information, education, and communication (IEC) materials. Other indicators under this domain included the supply distribution system, the health management information system (HMIS), the health center capacity index (measured by the availability of infrastructure, equipment, drugs, and staff for emergency obstetric care), and supervision index (measuring the capacity and quality of supervision). 31 These structural elements determine the physical accessibility and capacity to provide services and therefore influence the realization of the full potential of a program.
32
"Financial systems" domain refers to the financial input, which is usually inadequate in developing countries but critical to deliver quality services. 33 Although finance was often included under capacity for service provision, 34 we considered this domain with two indicators covering running costs for The infrastructure index deals with whether the health post has the required infrastructure, facilities, and amenities that enable it to render services as per the standard. It covers the availability of health post building with at least three rooms, the availability of electricity, water and telephone communication, toilet access to patients, and availability of means of transportation Equipment functionality It measures whether the health post is equipped with the minimum medical equipment required to deliver the HEP services based on the standard. The availability and functionality of the following were considered: examination bed, thermometer, blood pressure apparatus, stethoscope, delivery bed, home delivery kit, neonatal resuscitation mask and bag, baby weighing scale, Salter scale, measuring board, and refrigerator Commodity availability
This covers the availability of essential medical supplies and vaccines required to deliver the basic health services. The following medical supplies were considered: Coartem, oral rehydration salt, contraceptives, ergometrine, iron tablets, folic acid, vitamin A, amoxicillin, RDT for malaria, HIV test kit, and analgesics. The various antigens required for child and mother immunizations were also included Supply management system This indicator deals with the supply, storage, distribution, and management of medical supplies at the health post, health center, and woreda health office. At the health post, the frequency and waiting time of supply replenishment, the adequacy of supplies, and the ability of HEWs to identify expired drugs were considered. At the health center, availability of adequate stocks of medical supplies (drugs, vaccines, medical equipment, and supplies) for distribution to health posts and availability of adequate and secure storage facility were considered. The availability of medical supplies for all health posts and their sources were considered at the district level HEP guideline and IEC use It deals with the availability of IEC such as posters and flip charts covering the various HEP service packages and summary charts, and whether the materials were displayed plainly at the health post. It also covers the availability of guidelines for HEP implementation, obstetric care, growth monitoring, and malaria case management HMIS use
The HMIS use indicator deals with the availability and proper use of registers for the various HEP service packages including birth and death registration. It also covers reporting and use of information for decision making Health center capacity This indicator covers factors that affect the readiness of the health center to serve as referral facility for the health posts. The factors considered included the distance from the health post, availability of service for 24 hours, availability and use of injectable drugs and supplies for emergency obstetric care (such as diazepam, magnesium sulfate, oxytocin, ergometrine, amoxicillin, gentamicin, intravenous infusion, incubator, and forceps and vacuum extractor for assisted delivery), availability of staff who can administer the drugs and perform the procedures, availability of blood transfusion and cesarean section services, and availability of other services that require referral Management capacity This indicator deals with human resource performance management, planning process, HEP performance monitoring, and partner collaboration. The human resource performance management considered the availability and approaches used to conduct performance assessment of HEWs, ensure adherence to code of conduct, and motivate good performing HEWs. The planning process covered the use of baseline information for planning and the involvement of HEWs in planning process. The HEP performance monitoring covered the involvement of health centers and district health offices, the performance monitoring methods used (such as review of monthly reports, and regular meetings with HEWs), the use of information for decision making, and the comprehensiveness of the indicators used for HEP performance monitoring. The partner collaboration covered the level of support to health posts from district and kebele administrations Supervision capacity
The supervision index covers the human resource capacity for supervision available at the health centers and district health offices, the logistics (supervision guidelines and checklists, transportation and budget for supervision), availability of supervision plan and schedule, performance in supervision (relative to plan and the number of supervisory visits made to health posts over 3 months), the use of appropriate supervision methods and quality of supervision (which is characterized by multidisciplinary team, frequent and regular, person-to-person discussions, discussions with local community and leaders, useful and supportive guidance, and supervisors listen and value HEWs' suggestions), and provision of feedback and follow-up to ensure that correction measures are taken Financial systems
Financing referral system The financing referral system covers the availability of sustainable arrangements for financing emergency referral services (such as funds/fuel set aside, community insurance scheme, or revolving funds) and availability of barriers for referral system (such as lack or high cost of transportation and cost of services and drugs at referral health facilities) Financing medical supplies
The financing medical supplies cover the availability of adequate funding for medical supplies and whether patients are referred due to lack of basic medical supplies This indicator covers the quality of service provision on key aspects of HEP, including cold chain management system that ensures potency of antigens, and important aspects of newborn care services such as handling of umbilical cord, practicing suction of newborn, weighting, drying and wrapping of newborn, and administration of OPV and BCG vaccine at birth Infection prevention
The infection prevention indicator covers availability of infection prevention practices (availability and use of syringes, gloves, and antiseptics), handwashing facility (access to water and soap for patients and availability of handwashing apparatus with tap at the health post), and proper waste disposal (including availability of dust bins and medical waste disposal mechanisms such as pits, burning, or incineration) Referral linkage
The referral linkage index deals with health post, referral health facility, and clients' aspect of the referral system. It considered the type of referral facility, distance, availability of communication and means of transportation, reason for referral, availability of referral forms, functional two-way linkage (referral and feedback), willingness of patients to go to referral health facility, and availability of factors preventing patients from going to referral facility and affecting the referral system (such as poor customer and care services, long waiting time and high cost of service at the referral facility, lack of awareness, distance, and poor road) HEW time use HEW time use indicator deals with whether HEWs use their time as per the HEP standard. It considered the number of days the health post is opened per week, whether the health post is opened on weekends, number of hours HEWs work daily, and time spent at the health post vs. community level (on average 50% of time for each level). Availability and use of standard manual on apportioning their time among the 16 HEP service packages was also included Model family package delivery
The model family package delivery indicator covers the quality of implementation (relative to the standard procedure) and level of household coverage. The quality of implementation considered the knowledge of HEWs on the standard procedures, actual implementation procedure (number of households enrolled per round, number of hours households were trained before graduation and number of months took to complete the training), training topic selection procedure (priority is given to areas that are easily implementable, do not create conflict with culture, and showed success previously), use of demonstration units for training, process and criteria to determine eligibility for graduation, involvement of key stakeholders (health promoters, kebele council, and HEW supervisor) in training and determining eligibility, and ceremony to celebrate graduation and provide awards. The level of coverage considered number of households graduated assessed relative to the total households in the kebele Community engagement
Awareness and access The community awareness and access to HEP indicator considered the following factors: awareness about HEP, whether the individual visited HEW in the previous month, whether it was difficult to get to the health post or the HEW and had to wait too long before receiving care during the last visit, and availability of information on the schedule of HEW displayed outside the health post Community and health promoters participation
The community and promoter participation indicator considered the level of participation of various sections of the community in the implementation of HEP as per the standard. The participation of health promoters covered the following factors: number of households assigned, availability of work plan and service registers, whether they prepare monthly reports and participate in monthly review meetings, their level of satisfaction with their role, and the level of support they receive from key partners. It also considered participation of elders, associations, religious and kebele leaders, health promoters, and the community at large in preparing work plan and implementation of HEP (continued) medical supplies and emergency referral services including financial barriers in service utilization. User fee was exempted at health posts and was not included. "Human resources development" domain included five indicators measuring workforce knowledge, in-service training in the past 1 year, perception and satisfaction (regarding working and living conditions), and retention of health workers, which all affect quality of care. [35] [36] [37] [38] [39] "Community engagement" domain refers to the process of involving the community in decision making and service provision and included four indicators. The basic philosophy of HEP was to ensure community ownership and responsibility for maintaining their own health, which along with the increased expectation for health equity contribute to performance improvement. [39] [40] [41] [42] In line with the philosophy, HEP involves and encourages households, model families and the community health promoters to bring local knowledge, experiences, and problems to the forefront and take part in decision making. 5 The indicators included community awareness and access to HEP, community and volunteer participation index, model family engagement index, and village health committee functionality.
"Service delivery process" perspective relates to the activities carried out to ensure conformity to standard of care including adherence to protocols to meet performance expectations. 14, 16, 43 Six indicators measuring physical accessibility and availability of HEP services, quality of care focusing on reproductive, maternal, neonatal, and child health (RMNCH), infection prevention practice, referral linkage of health posts with health centers, time use of HEWs, and delivery of model family were included.
"Outputs and outcomes" domain included two indicators on productivity (quantity of maternal and child health services and family planning services), two indicators measuring satisfaction of clients (with services received and HEW performance), and one indicator measuring the overall satisfaction of the community. 16, 43 Data sources. The data for generating the performance indices came from an evaluation study of HEP conducted in 2010 by the Center for National Health Development in Ethiopia.
Overview of the HEP evaluation. The HEP study was conducted in rural villages of the country, where approximately 85% of the Ethiopian population lives. The objectives of the evaluation was to determine the effect of HEP on health outcome measures and to assess the process and degree of implementation of the multidimensional health system components of the program including human resources, physical resources, support and management, and community perspectives. Indicators covering these health system components were drawn from the national monitoring and evaluation framework and other internationally accepted frameworks. 29, 44, 45 The study comprised process and outcome evaluations involving health workers, health facility, and community surveys. The health workers survey targeted volunteer health promoters, HEWs, HEW supervisors, and district managers representing different levels of the health system. The health facility surveys covered health posts and referral health centers. The community survey covered perceptions about and satisfaction with HEP and model family.
Sampling method. A stratified multistage cluster sampling method with region as strata and district and village as primary and secondary sampling units, respectively, was used to sample the study units. A sampling frame of 591 districts with 13,591 rural villages from the 10 regions was obtained from the Central Statistics Authority. At the first stage of sampling, a total of 71 districts were selected through systematic random sampling with probability proportional to size of regions. At the second stage of sampling, four villages per district were selected using systematic random sampling. The exception was in the mainly pastoral region of Gambela, where eight villages were selected per district with the aim of increasing the sampling units for the process evaluation in pastoralist areas. This sampling procedure resulted in the selection of 312 villages. Health workers, health facilities, and households were sampled at the third stage. Health workers and health facilities were sampled from 298 villages that had implemented HEP, whereas households were sampled from all 312 villages, including 14 that had not implemented the program.
The process evaluation was based on health worker, health facility, and household surveys conducted in the 298 villages. At village level, a health post and all existing HEWs within the 298 villages and all district managers, referral health centers, and HEW supervisors that were responsible for the implementation of HEP in the 298 villages were included in the study without requiring any further sampling procedure. On the basis of this sampling approach, 298 health posts, 399 HEWs, 71 district managers, 135 health centers, and 113 HEW supervisors were included in the survey. Although the target was to randomly sample five volunteer health promoters per village, only 149 villages had at least one health promoter. In villages with five or less health promoters, all were sampled. A total of 615 health promoters were sampled from among 701 that were available in all 298 villages. For the household survey, a cross-sectional sample of 6,750 households at 25 households per village (in Gambela, only 12 households to offset the 2-fold village sampling) was selected from the 298 villages using the random walk method used in the Expanded Program on Immunization cluster survey. 46 A total of 10,068 individuals-including a woman from each household and a man from every other household-were sampled for the community perception survey. Among the 298 villages, model family package had been started in 214 villages. Thus, 5,722 households that were sampled from the 214 villages (a subset of the 6,750 households) were targeted for the community survey on model family.
Data collection. Data were collected from 1,198 key informants (399 HEWs, 615 health promoters, 113 HEP supervisors, and 71 district managers), 433 health facilities (298 health posts and 135 referral health centers), and 10,068 household members. Structured and semi-structured questionnaires, which were adapted from standardized and internationally accepted survey instruments, were used to capture the required information from the different study units.
Health worker survey. The health workers survey involved in-depth interviews. The health promoters were assessed for their participation in the implementation of HEP, specifically in training of model families, and their perception and satisfaction with their role. HEWs were interviewed on their perception and satisfaction with their working and living conditions, their skills and competence on key maternal, neonatal and child health problems, and their time use practice. Information was also collected on the sociodemographic characteristics of HEWs including age, gender, marital status, ethnicity, language, prior residence, and years of service. HEW supervisors were interviewed on basic information (age, gender, experience, and education), induction and supervision technique training, planning and implementation of supervisory visits including the frequency and supervision methods used, and logistics. Information about the district capacity (human resource, finance, and logistic), recruitment process and attrition rate of HEWs, availability of drugs and supplies for health posts, current practice in technical, logistic, and administrative support of HEP, support from stakeholders, challenges, and perception on the program was collected from district managers.
Health facility survey. The health facility survey was conducted through interviews and audit (observations and document reviews). It was used to capture information on number and qualification of staffing, whether the staff received in-service training in the past year, the infrastructure conditions, availability and functionality of medical equipment, availability of drugs, vaccines, contraceptives, and other supplies, availability and use of guidelines and information, education and communication materials, the use of HMIS, the supply distribution system, the frequency and quality of supervision received, financing referral system and medical supplies, and referral linkage. Data were also collected on the availability of HEP service packages, quality of service provision, infection prevention practice, model family package delivery, availability and functionality of village health committee, and quantity of services provided in the past 1 year.
Community survey. The community survey, which was conducted through person-to-person interviews with household members, was used to collect information on the perception and satisfaction of the community regarding the recruitment process of HEWs, behavior and performance of HEWs, accessibility of HEWs and health post, service availability, client centeredness of service, their participation in program implementation, constraints of HEP, and their expectation of the program. Information on the process of model family implementation (selection, training, and graduation), their perception and participation, and readiness of graduated model family to support other households was also collected.
Ethical consideration. The study received ethical approval from the National Research Ethics Review Committee of the Ethiopian Ministry of Science and Technology and the Institutional Review Board of Columbia University (IRB-AAAC8935). Recruitment of study subjects was carried in person by survey supervisors. Since the study presented no more than minimal risk to subjects, the requirement for signed consent was waived and oral informed consent was obtained from all participants before conducting the interviews. Data collection was carried out in January and February 2010.
Variable selection process. From the various surveys, the research team selected about 600 eligible variables that fit conceptually to one of the 32 indicators and satisfy the following inclusion criteria: 1) reliability; 2) completeness and extent of missing values; 3) outlier values; and 4) variability. These variables were subjected to expert opinion for possible inclusion in formulating the HEP performance indices. Three experts with good knowledge of HEP and the national health system and who were willing to express their opinions freely were involved in the selection process. After the experts were briefed on the objectives of the research, they were provided with the conceptual framework along with the list of the 32 indicators and 600 variables. The two experts were asked to select and group the variables under the 32 indicators. The third expert was used to resolve disagreements between the two experts. This process resulted in selection of 402 variables for constructing the indicators. The list of variables included under each indicator is shown in Supplemental Appendix 1.
Standardization of variables at the measurement unit. In preparation for the scoring process, the raw variables were subjected to one or more of the following two procedures. First, the values of all variables were standardized for directionality to ensure that more desirable outcomes receive a higher value and less desirable outcomes receive a lower value. Next, values of variables measured on different scales were normalized to a common scale in the range from 0 to 1 or [0,1]. This procedure was not required for nearly half of the variables, which were dichotomous with value of 0 or 1. Variables with other types of scales such as ordinal and count were subjected to normalization procedures. To normalize an ordinal variable measuring satisfaction level in the range [1, 5] , one (the minimum in the scale) was subtracted to change the scale into the range [0, 4] . It was then divided by 4 (the maximum value in the new scale), which preserved the relative order before transformation. Count data on services provided were transformed into proportion that was achieved relative to target. For example, FMOH has set a target to cover 60% of reproductive age women with contraceptives. The number of contraceptive users in the past year was divided by the target number of women (obtained by taking 60% of the number of all reproductive age women). The proportion relative to the target population was then scaled into the range [0,1], and facilities that achieved or exceeded the target were given a score of 1. The standardization and normalization procedures carried out for each variable are shown in Supplemental Appendix 1.
Scoring of indicators at village level. Village (kebele), which is the lowest administrative and implementation unit of HEP, was used as the unit of analysis in generating the indicator scores. The analysis involved two steps of aggregation: aggregating observed data by village for each variable (summary statistics by village) and aggregating village variables by indicator for each village (scoring indicators). The first step involves standard analysis of survey data to generate mean or proportion for each variable by village. For example, the village "proportion of individuals who would visit the health post or HEWs again" was generated by dividing "the number of individuals who would visit the health post or HEW again" by "the total number of individuals surveyed" in the village. Similarly, the village "mean satisfaction rate of health promoters with their role" was calculated by averaging the satisfaction rate of all health promoters surveyed in the village. The village means or proportions generated for each variable were used as input variables in the next step.
The indicators were constructed from aggregate sets of variables that measure the same concept to ensure that they were more robust and not driven by the choice of single variable. Thus, the second step involved aggregation of variables along the lines of the conceptual framework to generate scores for the 32 core indicators from the underlying variables. Although various methods are available for weighting and aggregation of variables into a composite indicator, there is no uniformly agreed methodology. We used one of the commonly used methods, which involved assigning equal weights to the group of variables under each indicator and calculating arithmetic average to generate indicator scores. This method was more suitable and appropriate for our work, as it preserves the conceptual framework, involves simple procedures, and preserves the data properties allowing for easier interpretation of the results. [47] [48] [49] [50] The following three measures of overall performance were also generated from the scores of the 32 core indicators: 1) overall composite score, which was the average score of the core indicators, 2) the percent of core indicators that scored above the bottom quintile, and 3) the percent that scored above the top quintile.
14 The results were converted to a percentage score ranging from 0 to 100.
Aggregation of scores over geographic areas. The village level scores of the 32 core indicators and the three overall performance measures were aggregated to estimate national, regional, and agroecological zone (agrarian, agropastoral, and pastoral) scores for each indicator. To address the complexity of the multistage sampling design, the analysis (aggregation) was undertaken using appropriate weights based on the selection probability at each sampling stage. 51 The aggregation analysis at national level involved estimating weighted mean (and standard deviation), median, bottom and top quintiles, and minimum and maximum scores for each indicator. The national level indicator scores were compared against the overall composite score (the mean score of the 32 indicators). Indicators with median values that fell above the top quintile, within the inter-quintile range, and below the bottom quintile of the overall composite score were designated as high, average, and low, respectively. Regional and agroecological zone median scores were estimated for each indicator and compared against national scores. Indicators with scores that fell above the top quintile, within the inter-quintile range, and below the bottom quintile of the national score were designated as good, average, and unsatisfactory, respectively. We used color-coded dashboard to report the performance of the regional indicator scores to facilitate comparison and to easily identify a trend among the various indicators. Indicators that performed good, average, and unsatisfactory were color-coded with green, yellow, and red, respectively. The statistical significance of the difference in the indicator scores by region and agroecological zone was tested using Kruskal-Wallis equalityof-populations rank test.
RESULTS
National level performance. The national level median scores (Table 2 ) of the indicators ranged from 37% to 98% showing mixed performance. The indicator scores relative to the overall composite score (with bottom and top quintiles of 57.3% and 70.2%, respectively) showed mixed performance across the domains. Under capacity for service provision, supply distribution system (median, 50%), commodity availability (median, 54%), and infrastructure index (median, 57.1%) scored low, whereas management capacity index (median, 87%) and equipment index (median, 81%) scored high. Financing referral system scored high (median, 75%), whereas financing medical supplies scored low (median, 50%). With respect to human resource, the median scores for HEW satisfaction (49%) and perception (59%) indices were low, while it was high for retention of HEWs (98%). Under the service delivery process, the performance was poor in the areas of infection prevention (median, 47%) and referral linkage (median, 51%), whereas it was high for service availability (median, 75%). Generally, the median scores for indicators under the community engagement were relatively high except for village health committee (50%). Despite the low median scores on maternal and child health (37%) and family planning (46%) output indicators, the scores were high on satisfaction with HEW's performance (87%) and overall satisfaction (89%) of the community. The overall median composite score was 66% (with a range from 45% to 79%). The percent of indicators that achieved the bottom quintile was 78% (with a range from 38% to 97%), while the percent of indicators that achieved the top quintile was 16% (with a range from 0% to 44%).
Performance measure by region. The color-coded dashboard shows the relative performance of each region, which varies by indicator suggesting that each region has specific areas of strength and deficiency (Table 3) . Most of the greencoded indicators were found in Tigray and the Southern Nations, Nationalities and Peoples (SNNP), while the majority of the red-coded indicators were found in Gambela and Afar. All indicators in Amhara and Oromia were yellow coded, except one in Amhara (family planning output) that was coded green. The majority of indicators in BenishangulGumuz and Somali regions were yellow coded, although, some were green and red coded.
The median scores for all except in-service training index (P = 0.08) showed wide and significant regional variability (P < 0.001). The staff index ranged from 46% in Afar to 86% in SNNP. Equipment availability ranged from 65% in Gambela to 96% in Tigray. HMIS use index was as low as 50% in Gambela and as high as 86% in Tigray. Health center capacity index also varied from 42% in Benishangul-Gumuz to 70% in SNNP, while district management capacity index varied from 67% in Afar to 91% in SNNP. Among the indicators reflecting the service delivery process, wide variation was observed in service package availability index (from 29% in Afar to 81% in SNNP), infection prevention (from 24% in Gambela to 61% in Tigray), and model family package delivery index (from 41% in Gambela to 72% in Tigray). In relation to the community engagement, scores for community participation ranged from 51% in Afar to 76% in Tigray and scores for village health committee ranged from 31% in Afar to 80% in SNNP. Similarly, the scores for maternal and child health output (from 15% in Afar to 51% in SNNP), family planning output (from almost none in Afar and Somali to 71% in Amhara), and overall community satisfaction (from 40% in Benishangul-Gumuz to 88% in Tigray) showed wide variation by region.
Turning to the overall performance measures, the overall composite score ranged from 54% in Gambela to 72% in Tigray. The score for achieving the bottom quintile varied from 54% in Gambela to 90% in Tigray, while the score for achieving the top quintile varied from 7% in Gambela to 31% in Tigray. Ranking of the regions based on the overall performance measures showed that Tigray ranked at the top followed by SNNP and Amhara regions, while Afar and Gambela ranked last ( Figure 2 ). Performance measure by agroecological zone. The performance results by agroecological zones are presented in Table 4 . Indicators with significantly low score in pastoral areas included staffing, HEW knowledge, infrastructure, equipment index, commodity availability and distribution system, HMIS use, availability of service packages, model family delivery and engagement, and RMNCH outputs. Although not statistically significant, the scores for the capacity of district management, infection prevention, and community participation were also lower in pastoral than in other areas. By contrast, the scores for referral system financing, retention of HEWs, and satisfaction with performance of HEWs were higher in the pastoral than in other areas. The overall composite score for pastoral, agropastoral, and agrarian areas were 59%, 64%, and 65%, respectively. The percent of indicators that achieved the bottom quintile was 66%, 76%, and 79%, while that achieved the top quintile was 12%, 18%, and 17% for pastoral, agropastoral, and agrarian areas, respectively.
DISCUSSION
We developed BSC comprising six domains with 32 indicators for comprehensive performance measurement of the Ethiopian HEP using nationally representative survey data. Despite encouraging reports of positive impact of HEP, 8, [22] [23] [24] [25] [26] 52 the findings of this study show major deficiency in its overall performance. The scores across all domains were low, which could be due to their interdependence, where the capacity for service provision and financial systems influence the human resource development, the community engagement and service provision process that in turn affect the output and outcome dimension. 6, 32, 39 Although it used few indicators, a study by Sebastian and others found that the performance of HEP was poor and that there was inefficiency in productivity relative to available resources, which is an indication that multidimensional factors other than inputs affect the outcome of the program. 8 The BSC approach used in this article helped identify health system elements with relatively poor performance. 14, 16 The performance of the program was low in the areas of infrastructure, commodity (including financing, distribution and availability), satisfaction and perception of HEWs, infection prevention, referral linkage, and service quality and outputs. These elements are interconnected, where gaps in human and physical resources contribute to poor quality of care leading to low service utilization and output, which could be among the factors contributing to the low HEP service utilization reported in a study conducted by Kelbessa and others. 52 Satisfactory performance was observed in the areas of equipment availability, use of guidelines, availability and use of information, education and communication materials, referral system financing, HEW retention, as well as the community awareness, engagement, and satisfaction, which is consistent with findings of other studies conducted in various regions of the country. [52] [53] [54] It is interesting to note that the HEW retention was high despite the low satisfaction and perception, which may be due to the HEWs being recruited from the village where they were deployed as well as the fact that the program was new with HEWs having served only for a few years. Another possible explanation for the high retention despite the low satisfaction could be that HEWs, unlike other health professionals such as nurses, have limited prospects to working in better paying private health sector jobs forcing them to stay although their intention to leave could be high. Given that job satisfaction is one of the factors influencing health worker retention, the unexpected finding of this article suggest the need for further studies on HEW intentions regarding HEP to inform the design of strategies aimed at positively influencing the same to ensure high retention.
The findings showed significant difference in the performance of HEP by region and agroecological zone. Overall performance was poor in pastoral regions of Gambela, Afar, Somali and Benishangul-Gumuz, consistent with the poor health indicators reported in these regions. 45 The poor performance was primarily driven by poor performance in staffing, HEW knowledge, infrastructure, equipment, commodity availability and distribution, HMIS use, service package availability, model family delivery and engagement, and service output. The remote and harsh climatic conditions and the highly mobile and geographically dispersed settlement coupled with poor infrastructure and lack of social services could be the major factors contributing to the low performance of HEP in these regions. 55 Pastoralists have many special health needs that could not be completely met by the largely static health post-based HEP strategy, thereby resulting in poor performance of the program in such settings. 3, 56 In recognition of HEP's inadequacy in pastoral areas, FMOH took steps to redesign the program. FMOH and pastoral regions in collaboration with research institutions are undertaking research projects to understand the pastoral context and generate information to inform the design of the most appropriate health services and effective service delivery models.
Limitations. First, although fewer indices were presented in the BSC, the burden of data collection poses an operational challenge. Thus more effort should be made to minimize the data requirement by selecting the most important and reliable predictors of performance. Second, equal weights were assigned to individual variables, while their actual contribution to specific indicators might be different, which might affect the reliability and validity of the resulting scores. However, we used the equal weighting approach because of the lack of statistical or empirical evidence for using a different approach. Further research is needed to understand the relative importance of variables used in computing the scores, the effect of assigning equal or different weights, and the consequences of dropping non-important variables to minimize data requirements. Third, indicator scores were generated using arithmetic average, which may produce less valid results compared with other methods such as the principal component analysis. However, the use of averaging is more suitable for our study because of the following advantages over the other methods: it is easy to compute, the scores retain the scale metric allowing for easier interpretation, it allows comparability across indicators, it preserves the dimensions of the conceptual framework, and scores are more stable across samples (more reliable). Fourth, the indicators under the output and outcome domain were limited to health post productivity. Future work should incorporate outcome and impact indicators to ensure comprehensive measurement. The findings of this study provide opportunities for further research on the methodology and list of indicators to optimize and make the BSC tool useful and acceptable to policy makers and stakeholders.
CONCLUSION
The BSC tool was used to determine the performance of the health system components of HEP. Despite the need to optimize the tool, using BSC revealed three major findings: 1) deficiency in the overall performance of HEP, and specifically, in the areas of commodities, workforce motivation, referral linkage, and quality of care including infection prevention; 2) performance of regions varied by indicator suggesting that each region has specific areas of strength and deficiency; and 3) the performance of the mainly pastoral regions was poor, especially in the areas of workforce capacity, infrastructure, equipment and commodity availability, HMIS use, HEP service availability, model family, and outputs. The low performance on certain program and geographic areas could limit HEP in achieving its objectives and goals. The findings of this study suggest the need for strategies aimed at improving specific elements of the program and its overall performance in specific regions, thereby ensuring quality and equitable health services and realizing its objectives and goals. Although recognizing the need to address the operational challenges, using the BSC tool to measure the performance of a program can guide resource allocation (targeting specific areas lagging behind) and provide reference point for historical monitoring and geographic area comparison of performance. 14, 16, 18 Financial support. This study was made possible by the financial support from the Blaustein Foundation and the funding provided by the UNICEF and WHO Ethiopia country offices for the 2010 National Evaluation of HEP.
